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57 ABSTRACT 
A broaching tool is described having an elongated tool 
body with an arcuate face of preferably half-round 
configuration. A plurality of recesses are formed on the 
arcuate face, each having a bottom face inclined in 
wardly and rearwardly within 1-15 of coincidence 
with the longitudinal axis of the body and an abutment 
wall extending upwardly from a rearward portion of 
the bottom face. These recesses are arranged in helical 
paths of preferably increasing diameter in a rearward 
direction to form a series of spaced helical rows. Each 
recess contains a rotatably indexable cylindrical cutter 
disc. This configuration of broach has the advantages of 
providing excellent chip clearance between the cutters 
and also providing a uniform load on the tool during 
broaching. 

14 Claims, 5 Drawing Figures 
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1. 

HELICAL BROACHING TOOL FORCURVED 
SURFACES 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a novel broaching tool of the 

type typically used to produce a round hole or a semi 
circular hole, and is a continuation-in-part of applica 
tion Ser. No. 867,292, filed Jan. 5, 1978. 

2. Description of the Prior Art 
Broaching is a machining process whereby one or 

more cutters with a series of teeth are pushed or drawn 
entirely across a workpiece and is analogous to single 
stroke filing. Broaching is typically carried out on 
manually-operated presses, on pull-screw machines or 
on hydraulically actuated broaching machines or 
presses. The broach has teeth which increase in height 
toward one end and is typically held in the screw socket 
of a broaching machine screw or ram by a taper cotter. 
Usually the first few teeth on the broach are low to 
permit the small end of the tool to pass through a hole 
in the workpiece, while the intermediate teeth remove 
most of the metal and the last few teeth finish the sur 
face to size. 
The typical broaching tool presently in use is in the 

form of an elongated body having a plurality of spaced 
annular ribs generally transverse to the longitudinal 
body of the axis. A series of titanium carbide teeth are 
brazed onto side walls of these ribs in a position perpen 
dicular to the longitudinal body axis. Each of these 
teeth has a curved upper cutting edge. Of course, when 
these cutter teeth become worn, it becomes a very ex 
pensive proposition to remove the worn teeth and then 
braze new cutter teeth into position against the ribs. 
Also, because each cutting edge engages the workpiece 
at substantially 90', it will be appreciated that immense 
stresses are placed on the tool and the cutter teeth, 
particularly when broaching metals, 

In applicant's U.S. Pat. No. 3,946,472, issued Mar. 30, 
1976, there is described a broaching tool in which cutter 
teeth in the shape of buttons or discs have been success 
fully used for the broaching of concave surfaces. This 
had the unique feature of being able to make use of the 
angular positioning of the discs so as to form a smoothly 
curving contoured surface. Although this represented a 
great improvement over the previous broaching tools, it 
did have some problems. Thus, for most broaching tools 
it was necessary to provide sufficient space between the 
rows of cutter discs so that chips formed would be 
dispersed easily and not become jammed between cutter 
discs thereby creating difficulties. Moreover, because 
the cutter discs were arranged in parallel rows, very 
heavy instantaneous loads were placed on the tool as 
the cutters in each row simultaneously came into en 
gagement with the workpiece. This stress engagement 
can result in breakage of the broaching tool and/or 
damage to the workpiece. 

It has also been found that there previously existed 
problems in broaching light weight alloy workpieces, 
such as the main crankshaft bearing supporting walls of 
cylinder blocks or cylinder heads and walls of cylinder 
blocks, and it is believed that these were caused by the 
very high instantaneous loads created by use of the 
usual broaching tools of the prior art, including that of 
U.S. Pat. No. 3,946,472, and especially the flexing of the 
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2 
support walls by the intermittent stressing as the rows 
of cutters intermittently engaged the workpiece surface. 

It is, therefore, the object of the present invention to 
provide an improved configuration of broaching tool 
for the broaching of concave surfaces in which the chip 
dispersal is simplified and the tool is provided with a 
substantially uniform loading during operation. 

SUMMARY OF THE INVENTION 

In accordance with the present invention there is 
provided a novel cutting tool comprising an elongated 
tool body having an arcuate face of at least 45°. A plu 
rality of recesses are formed in this arcuate face, each 
recess having a bottom face inclined inwardly and rear 
wardly within 1-15 of coincidence with the longitudi 
nal axis of the body and an arcuate abutment wall ex 
tending upwardly from a rearward portion of the bot 
tom face. The recesses are arranged in helical or gener 
ally circumferentially and axially advancing paths about 
the tool body arcuate face to form a series of spaced 
helical rows. The recesses of each row are staggered 
circumferentially with respect to the recesses of the 
next adjacent row whereby paths of successive recesses 
partially overlap. Cylindrical cutting discs are mounted 
in the recesses, each disc having an end face providing 
a cutting edge disposed about the periphery of the end 
face and being rotatably indexable about its longitudinal 
axis to bring successive portions into cutting position. 
The arcuate face forms an arc of at least 45' and 

usually at least 90'. For a typical half-round broach the 
arc will be in excess of 180' and it may even form a full 
cylindrical broach. The helical path normally defines an 
angle of about 5' to 95" with respect to the longitudinal 
axis of the body and a typical tool has a helical angle in 
the order of about 15 to 45. 
The helical paths can be of equal diameter along the 

length of the broach, but are preferably of increasing 
diameter in a rearward direction so as to produce a 
progressively larger hole as the broach is moved 
through the workpiece or the workpiece over the 
broach. Thus, each helical path may be slightly larger, 
e.g., about 0.004 inch, than the preceding path, or two 
or more adjacent helical paths may be of the same diam 
eter followed by two or more paths of increased equal 
diameter. It is also sometimes desirable to have the last 
cutting disc of one row at the same radial distance from 
the longitudinal axis of the tool body as the first cutting 
insert of the next following row. The cutter discs are 
preferably arranged so that at least two of said cutter 
discs are intersected by all cutting planes normal to the 
longitudinal axis of the tool body between the first and 
last cutter disc means. 
The angle d of the recess bottoms and the cutter discs 

resting thereon with respect to the longitudinal axis A 
of the body can be varied within the range of about 
1-15. By setting the series of small round cutting discs 
at a small angle with respect to the longitudinal axis of 
the body, the cutting edges of the cutter discs thereby 
form small arcs of a much larger circle than the diame 
ter of the discs themselves. This, combined with the 
overlapping of the successive cutters due to the stagger 
ing arrangement of cutters in successive rows, results in 
the depth of grooves formed in the finished surface 
being very small. Normally, the discs are arranged to 
broach a hole having a radius at least three times the 
radius of the individual cutter discs. 
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Certain preferred embodiments of the present inven 
tion will now be illustrated by the attached drawings in 
which: 
FIG. 1 is a side elevation of one embodiment of the 

novel broaching tool; 
FIG. 2 is a top plan view of the broaching tool shown 

in FIG. 1; 
FIG. 3 is a cross section through row 1 of the tool; 
FIG. 4 is a cross section through row 2 of the tool; 

and 
FIG. 5 is an exploded detailed view of a cutting disc 

and socket. 
The particular broach illustrated in the drawings is 

known as a half-round broach. It has an elongated tool 
holder body portion 20 having a bottom spline 21 ex 
tending along the length thereof for retaining the tool in 
a tool holder. The tool is held rigidly in place in the 
holder by the mounting screws 22. 
At the lower edges of the cylindrical surface are 

provided a series of pockets 23 and these serve as inter 
locks with adjacent flat broaches which may be used in 
conjunction with the half-round broach. 
A series of cutter discs 24 are mounted in sockets 25 

in the cylindrical surface. Each of these sockets has a 
flat bottom face 26 which is inclined at a small angle dp 
of typically about 11 to the longitudinal axis A of the 
body portion 20 and the socket also has a semi-circular 
abutment wall 27 which is perpendicular to the bottom 
face 26. Extending into the body portion 20 through 
face 26 is a tapped hole 32. 
Each cutting disc 24 has a cylindrical wall 29 and end 

faces 28. A hole 31 is formed axially through the insert 
with a conical countersink 30. The cutting disc is typi 
cally made from tungsten carbide. It is held in position 
by means of a threaded screw 33 which has a conical 
head portion which mates with the countersink of the 
cutting disc and the head of the screw includes a socket 
34 for receiving a wrench. When the cutting disc has 
been placed in position in the socket 25 and the screw 
tightened, the insert is pressed firmly against the abut 
ment wall 27. Thus, when the broach is in operation the 
forces on the cutting inserts are fully carried by the 
abutment walls 27 rather than by the screws themselves. 
With this arrangement, it will be seen that only about 

one-quarter of the cutting edge of the cutter discs is in 
use at one time. This means that as the portion in use 
becomes dulled, the screws 33 can be loosened and the 
cutter discs can then be rotated sufficiently to present 
fresh cutting edge portions, after which the screws are 
again tightened. The result is that as many as four cut 
ting edge portions may be available on one face of a 
cutter disc. Furthermore, it is possible to make the discs 
reversible so that another four cutting edge portions 
may be available on the reverse face. In this way as 
many as eight fresh cutting edge portions may be ob 
tainable from a single cutting disc. 
A typical cutter disc may have a diameter in the 

range of about inch to about 1 inch and these are used 
in cutting holes having a diameter of at least 1 inch. 

In FIG. 1 eight helical rows of cutting discs are 
shown and these are indicated as rows one to eight. The 
helical paths normally define an angle 8 of about 5 to 
95 with respect to the longitudinal axis A of the body. 
FIG. 3 shows the positioning of the cutter discs for 
what are designated as rows 1, 3, 5 and 7 in FIG. i. 
Each of the odd-numbered rows has five (5) cutting 
discs as shown in FIG. 3. FIG. 4 is a cross-section show 
ing the position of the cutter discs for the rows desig 
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4. 
nated as 2, 4, 6 and 8 in FIG. 1. Each of the even-num 
bered rows has six (6) cutting discs as shown in FIG. 4. 
Particularly from FIGS. 3 and 4 it becomes evident that 
the successive rows of cutting inserts are positioned in a 
circumferentially staggered manner. Thus, the axes of 
the cutting inserts of row 2 are positioned midway be 
tween the axes of the inserts of row 1 while the inserts 
of row 3 are in alignment with the inserts of row 1. The 
diameter typically is increased by an amount of about 
0.01 cm. from one row to the next following row. How 
ever, it is also possible to have two or more adjacent 
rows of the same diameter, followed by two or more 
rows of increased equal diameter. It is also sometimes 
desirable to have the last cutting insert of one row at the 
same elevation as the first cutting insert of the next 
following row. 
One of the advantages of this helical configuration is 

that specific chip gaps are not necessary since the spac 
ing between cutting discs in the helical configuration is 
increased thereby permitting easier flow of chips be 
tween cutters. The second and most important advan 
tage of the helical configuration is that during operation 
some of the discs will always be under load. This over 
comes any tendency of excessive impact as successive 
rows of cutting discs come into engagement with the 
workpiece. This feature will be evident from FIGS. 1 
and 2 in that each cutting disc of each row comes into 
engagement with the workpiece successively and dur 
ing engagement with the last cutting disc of one row, 
the workpiece is already coming into engagement with 
the first cutting disc of the next row. This greatly de 
creases the tendency of damage to the broach as well as 
possible breakage of the workpiece being broached 
from impact. 
While the above preferred embodiment illustrates a 

screw connection for mounting the cutting inserts in the 
sockets, it will be readily apparent to those skilled in the 
art that many other kinds of mounting means are possi 
ble. Thus, wedging pins, etc. can be used. 

It will also be apparent to those skilled in the art that 
although a half-round broach is illustrated, similar types 
of broaches forming arcs of less than a semi-circle or as 
much as a full circle are within the scope of the present 
invention. 
The advantages of the present invention over the 

prior art are illustrated by the following examples. 
EXAMPLE 1 

A series of tests were first conducted to illustrate the 
differences in the cylindrical disc broaching tool of U.S. 
Pat. No. 3,946,472 with the traditional triangular and 
square cutter inserts of the prior art. 
The tests were carried out on a vertical broaching 

machine with a tensile shear test fixture. All tests were 
carried out at 25 SFM on flat surfaces with a constant 
depth of cut of 0.005 inch. The following loadings on 
the cutter inserts were recorded: 

Type of Cutter Width of Cut Load Per Cutter 

0.750 I.C. Square 0.700' 680 lbs. 
0.625 I.C. Triangle 0.900' 835 lbs. 
0.500 I.C. Round 0.34O' 265 lbs. 

In order to compare the above results, they were all 
adjusted to a width of cut of 0.100 inch with the follow 
ing results: 
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Cutter Load Per 0.100' of Cut 

97 lbs/0,100' of cut 
93 lbs/0.100' of cut 
78 lbs/0.100" of cut 

Type of Cutter 
0.750 I.C. Square 
0.625 I.C. Triangle 
0.500 E.C. Round 

From this it will be seen that the round cutters 
showed a decreased load per 0.100" of cut of approxi 
mately 20% compared with the load on a triangular 
Cutte. 

EXAMPLE 2 

Further tests were conducted in order to compare 
different arrangements of the round cutter discs in half 
round broaches. For these tests broach configurations 
were used as shown in the drawings of U.S. Pat. No. 
3,946,472 and as shown in the drawings of this applica 
tion. A horizontal broaching machine was used with 
strain gauges connected to the workpieces. 

Both broaches utilized 0.500 I.C. round cutter inserts 
mounted in recesses with bottom faces at an angle of 11 
to the longitudinal axis of the tool body. Both broaches 
contained rows of cutter disc inserts with 6 cutters per 
row. The broach according to U.S. Pat. No. 3,946,472 
had the rows of cutter inserts mounted perpendicular to 
the longitudinal axis of the tool body while the helical 
broach of this invention had the rows of cutter inserts 
mounted at an angle of 20 to the longitudinal axis of the 
tool body. 
The broaching tests were conducted to broach a 

half-round sector at the top of a bulkhead in a case iron 
workpiece. The broaching containing perpendicular 
rows of round cutter inserts (U.S. Pat. No. 3,946,472) 
showed a loading per cutter disc insert in the range of 
284 to 335 lbs., with a complete load on the bulkhead 
ranging from 1956 to over 4070 lbs. 
The recorded loads for the helical broach of this 

invention were 274 to 305 lbs per cutter disc insert and 
a complete load on the bulkhead ranging from 1920 to 
2120 lbs. 
Thus, while the loadings per insert between the two 

broaching tools was generally similar, but slightly less 
using the embodiment of the present invention, the 
variation in total load on the bulkhead was dramatically 
different between the two broaching tools. The helical 
tool showed a load variation of only 200 lbs on the 
bulkhead while the broach of U.S. Pat. No. 3,936,472 
showed a load variation on the bulkhead of 2114 lbs. In 
other words, the load variation on the bulkhead using 
the helical broach of this invention is less than 5% of 
that found using the broaching tool of the above U.S. 
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Patent. Moreover, with an average bulkhead load of 
3013 lbs for the embodiment shown in U.S. Pat. No. 
3,946,472, the variations in total bulkhead loading were 
h35% as contrasted to variations in total bulkhead 
loading of -9.9% using the embodiment of the present 
invention at average bulkhead loads of 2020 lbs. 

Accordingly, the broach of the present invention 
produces more uniform stresses on the workpiece and 
reduces the flexing and the liability of stress cracking of 
the workpiece associated with such flexing, especially 
in cast iron workpieces, in marked contrast to the 
widely variant loads and associated flexing on the work 
piece using the broach form of U.S. Pat. No. 3,946,472. 
What is claimed is: 
1. A broaching tool comprising an elongated tool 

body having an arcuate face of at least 45, a plurality of 
recesses formed in said arcuate face, each said recess 
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6 
having a flat bottom face inclined inwardly and rear 
wardly within 1-15 of coincidence with the longitudi 
nal axis of the body and an arcuate abutment wall per 
pendicular to and rearwardly surrounding said flat bot 
tom face, said recesses being arranged in a helical path 
of generally increasing diameter in a rearward direction 
about said tool body arcuate face from the front end of 
said body to the rear end thereof to form a series of 
spaced helical rows with the recesses of each row being 
staggered circumferentially with respect to the recesses 
of the next adjacent row whereby the paths of succes 
sive recesses partially overlap, cylindrical cutter discs 
mounted in said recesses whereby the plane of said 
cutter discs lies parallel to the flat bottom face of said 
recesses, each disc having an end face providing a cut 
ting edge disposed about the periphery of the end face 
and being rotatably indexable about its longitudinal axis 
to bring successive cutting portions into cutting position 
and said helical paths arranged such that the spacing 
between adjacent recesses within said helical paths is 
less than the spacing between adjacent helical paths. 

2. Abroaching tool according to claim 1 wherein the 
helical path defines an angle of about 5' to 95" with 
respect to the longitudinal axis of the tool body. 

3. Abroaching tool according to claim 2 wherein the 
arcuate face containing the cutter discs forms an arc of 
at least 90'. 

4. A broaching tool according to claim 2 wherein the 
arcuate face containing the cutter discs forms an arc of 
at least 180. 

5. Abroaching tool according to claim 2 wherein the 
arcuate face has an increasing diameter in the rearward 
direction. 

6. A broaching tool according to claim 1 wherein the 
helical path defines an angle of about 15 to 45 with 
respect to the longitudinal axis of the tool body. 

7. Abroaching tool according to claim 6 wherein two 
or more adjacent rows of recesses are at the same diam 
eter or elevation with respect to each other. 

8. A broaching tool according to claim 6 wherein 
alternating pairs of adjacent rows of recesses are at the 
same diameter or elevation with respect to each adja 
cent row in the alternate pair. 

9. Abroaching tool according to claim 6 wherein the 
last recess of at least one helical row of recesses is at the 
same diameter or elevation as the first recess of an adja 
cent helical row of recesses. 

10. A broaching tool comprising an elongated tool 
body having an arcuate face of at least 45, a plurality of 
recesses formed in said arcuate face, each said recess 
having a flat bottom face inclined inwardly and rear 
wardly within 1-15 of coincidence with the longitudi 
nal axis of the body and an arcuate abutment wall per 
pendicular to and rearwardly surrounding said flat bot 
tom face, said recesses being arranged in a helical path 
of generally increasing diameter in a rearward direction 
about said tool body arcuate face from the front end of 
said body to the rear end thereof to form a series of 
spaced helical rows with the recesses of each row being 
staggered circumferentially with respect to the recesses 
of the next adjacent row whereby the paths of succes 
sive recesses partially overlap, cylindrical cutter discs 
mounted in said recesses whereby the plane of said 
cutter discs lies parallel to the flat bottom face of said 
recesses, each disc having an end face providing a cut 
ting edge disposed about the periphery of the end face 
and being rotatably indexable about its longitudinal axis 
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to bring successive cutting portions into cutting position 
and said helical paths arranged such that at least one of 
said cutting discs is always under load and cutting stress 
at any time during the broaching operation. 

11. A broaching tool according to claim 10 wherein 
the helical path defines an angle of about 15 to 45 with 
respect to the longitudinal axis of the tool body. 

12. A broaching tool according to claim 11 wherein 
two or more adjacent rows of recesses are at the same 
diameter or elevation with respect to each other. 

13. A broaching tool according to claim 11 wherein 
the last recess of at least one helical row of recesses is at 
the same diameter or elevation as the first recess of an 
adjacent helical row of recesses. 

14. A broaching tool comprising an elongated tool 
body having an arcuate face of at least 45 and a front 
and rear end, a plurality of recess means adapted for 
holding cutter disc means formed in said arcuate face, 
each said recess means having at least one recess with a 
bottom face inclined inwardly and rearwardly within 
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8 
1-15 of coincidence with the longitudinal axis of the 
body and an arcuate abutment wall extending upwardly 
normal to a rearward portion of the bottom face, said 
recess means being arranged in a series of rows wherein 
said recess means within each row describe a circumfer 
entially and axially advancing path about said tool body 
arcuate face, cutter disc means mounted in said recess 
means, each disc means having a circular end face 
formed to provide a cutting edge disposed about the 
periphery thereof whereby the plane of the one end face 
of said cutter disc means lies parallel to the bottom of 
the recess wherein mounted, each of said disc means 
being rotatably indexable about its longitudinal axis to 
bring successive cutting portions into cutting position, 
the cutter disc means and associated recess means being 
arranged so that at least two of said cutter disc means 
are intersected by all cutting planes normal to the longi 
tudinal axis of the tool body between the first and last 
cutter disc means. 

k k 
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